The effect of a fertilizer on a soil and on plants growing in it is not only limited to the influence of the main nutrient applied. Usually, the soilreceives in the fertilizer also other nutrients and compounds the effect of which cannot be neglected. In addition to these it should be remembered that a better supply of some nutrient, particularly if the soil has been deficient in it, may markedly affect the uptake of other nutrients by the crop plants. A larger amount of root and stubble remaining in the soil after a higher yield has been harvested also adds to the indirect effects of a certain fertilizer.
Owing to the large mass of soil in a ploughing layer and to the fact that the soil tends to be well buffered in regard to several of its properties, these effects on the soil in the field are, usually, discernible only after a prolonged treatment with the fertilizer in question. In Finland there are relatively few field experiments in which the plots have been treated according to the same fertilization plan for more than twenty years. Among trials of this type there are some field experiments at the Leteensuo Experiment Station of the Suoviljelysyhdistys (Peat Cultivation Society). In one of these, started in 1923, superphosphate has been continuously applied at three different rates every year.
On the basis of material originating from this field experiment Valdmaa (7) made a study of the effect of long-time application of superphosphate on the quality of humic matter. In the variously treated samples he found distinct differences in several of the properties of the fractions of organic matter, although, generally, these differences were unexpectedly small.
The author (4) has studied the effect of superphosphate on the mobilization of nitrogen in this trial. Late in autumn 1957 the mineral nitrogen content of the soil was to a depth of 70 cm highest in the plots treated with the highest amounts of superphosphate. The positive effect of the lower superphosphate applications could be found in the ploughing layer. The amounts of nitrogen in the hay yields harvested in the previous summer also appeared to be the higher the larger the quantities of superphosphate applied annually.
The primary object of this paper is the study of the effect of superphosphate on the phosphorus conditions of the peat soil in question. Attention is also paid to some other nutrients, particularly to potassium.
Material
The fen on which the field trial was started in 1923 had been under virgin conditions a wooded swamp with herbs and grasses the growth of which is reported to have been luxuriant (2) . It 
Methods
The pH-values were measured in water suspension and in 1 N KCI suspension (1: 2.5) using a Beckman pH-meter with a glass electrode.
Total nitrogen was determined by a somewhat modified Kjeldahl-procedure which also allowed the estimation of total phosphorus and total potassium in the same digest.
The extractable cations were determined by shaking the soil samples in 1 N ammonium chloride in the ratio of 1: 50 for one hour. The »total» amounts of the cations were analyzed from the ash dissolved in hydrochloric acid. Calcium and magnesium were determined by the versenate titration, calcium and potassium by the flamephotometer.
Inorganic phosphorus was extracted from the soil samples by successive treatments with 4 N sulphuric acid and 0.5 N sodium hydroxide. After an extraction of 1 g of soil with 25 ml of sulphuric acid at room temperature for 18 hours the well washed sample was treated with 100 ml of the alkali at room temperature for 18 hours and then with 50 ml of alkali at 90°C for 3 hours. One tenth of the acid extract and of the combined alkali extracts were mixed, 5 ml of 1 N sulphuric acid was added, and the flocculated organic matter was separated by filtration. The inorganic phosphorus in the filtrate was determined.
The organic phosphorus was calculated as being the difference of the total phosphorus in Kjeldahl-digest and the inorganic phosphorus determined by the acid-alkali extraction.
Phosphorus in the hay samples was fractionated by the authors's simplified method (3) .
The method introduced by Teräsvuori (6) was employed in the estimation of the phosphorus condition in the soil samples. Instead of the common Neubauer method a modification in which turnip rape seedlings were grown was used for the determination of plant available phosphorus. The easily extractable phosphorus was estimated by the standard procedure of Bray and Kurtz (1) in which the ratio of soil to solution was changed to 1: 10. Crop yields According to the data reported by Hirvensalo (2) In the first years the differences between the treatments were not very distinct, but as early as the third year the inferiority of the plots without phosphate became significant, also the plots treated with 100 kg/ha of superphosphate gave lower yields than those with higher applications. The quality of the crop also seemed to be better in plots treated with the higher amounts of superphosphate than especially, in the untreated ones. This may be seen e.g. in the botanical composition of the hay: the percentages of timothy in the hay from the five year old ley in 1937 were 0, 31, 78, and 73 in the plots treated with 0, 100, 200, and 300 kg/ha of superphosphate, respectively (2).
In the hay samples analyzed in 1957 from a nine year old ley the timothy content was 2, 38, 57, and 51 per cent for the 0, P, 2P, and 3P treatments,respectively. The yields harvested in this year are recorded in Table 1 . The untreated soil appears to be quite depleted of available phosphorus, while the lowest application of superphosphate has been sufficient to produce only a yield which is about 60 per cent of that in the treatments 2P and 3P. Both the latter treatments have been equal as regards the yields of dry matter. In the composition of the dry matter there seem, however, to be considerable differences. The ash content of the hay from the plots fertilized with 300 kg/ha of superphosphate is distinctly lower than that from the treatments with 200 kg/ha, or 100 kg/ha. In part, this may be explained by the fact that the hay in the 3P-plot is extremely poor in potassium. Its magnesium content also tends to be a little lower than that of the 2P-hay. All the samples collected from the treated plots appear to be fairly rich in magnesium whereas their calcium content is low.
The data for the potassium in the yield show that the annual application of potash fertilizer may be insufficient for the needs of a crop produced by 300 kg/ha of superphosphate. It has been able to take up only about 90 kg/ha of potassium or significantly less than the crop produced by 200 kg/ha of superphosphate.
The phosphorus content of the hay increases with an increase in the amounts of superphosphate applied; the low hay yield from the untreated plot forms an exception. The difference between the 3P and 2P treatments is markedly lower than that between the treatments 2P and P. The former is, however, sufficient to make the phosphorus yield from the 3P plot a little higher than the amount of phosphorus taken up from the 2P plot. The phosphorus content of the hay treated with 100 kg/ha of superphosphate is extremely low, only about one half of that in the hay produced by 300 kg/ha of superphosphate. Even the latter figure, 1.85 g P per kilogram of hay dry matter, is lower than the phosphorus content of hay of good quality.
In 1957 the experimental plots P, 2P, and 3P received 8, 16 , and 24 kg/ha of superphosphate-P, respectively. Provided that all the phosphorus in the harvested hay yields originated from the fertilizer, the uptake of superphosphate phosphorus would correspond to about 60 per cent in plot P, to about 80 per cent in plot 2P, and to about 55 per cent in plot 3P.
In order to test whether there are any marked differences in the phosphorus composition of the hay samples, a simple fractionation was performed. The following results were obtained: 
Soil analyses
The total nitrogen content of soil organic dry matter was equal in all the treatments and amounted to 3.5 %. The ash content varied from 37 to 40 %, but the differences were not significant. The weight of volume was about 0.5 in all the samples.
According to the data in Table 2 there seems to be some tendency to higher pH-values in the samples from the plots treated with superphosphate. All the samples are, however, distinctly acid in spite of the fairly high calcium content. It is of interest to note that the pH-values measured in the KCI-suspension are only slightly lower than the corresponding values measured in water suspension.
The different phosphorus treatment in the course of 34 years has resulted in differences in the potassium condition of the peat soil. Only the untreated plots may be said to be fairly rich in available potassium; in all the other plots the figures for extractable potassium are low. Apparently the potassium annually introduced into the soil has been almost completely taken up by the plants in the plots treated with phosphate. The figures for »total» potassium are, owing to the claying, of an entirely different class of magnitude, but even in these data some slight tendency to lowering with an increase in the phosphate treatment may be found. The contents of extractable and »total» calcium and magnesium, on the other hand, seem to be somewhat higher in the treated plots 2P and 3P than in the untreated one.
The data in Table 3 show in the soil samples a higher content of total phosphorus the higher the treatment with superphosphate has been during the experimental The differences in the total phosphorus of the treated and untreated plots correspond to 55-60 per cent of the fertilizer phosphorus in plots P and 2P, and to almost 70 per cent in the 3P-plot. About 40 to 50 per cent of the differences is due to the organic phosphorus.
Since there is no reason to suppose that any washing out of phosphorus would have occurred from this soil, the differences between the total amounts of phosphorus in the fertilizer and the corresponding increase in the soil represent phosphorus taken up by the harvested crops. These quantities are 120, 230, and 260 ppm of phosphorus for the treatments P, 2P, and 3P, respectively. A comparison of these figures with the phosphorus content of the hay yield harvested in 1957 indicates that either the phosphorus uptake of the crop plants has been lower in the previous years, or the plants have been compelled to resort to soil phosphorus in a considerable degree.
Even in the untreated plot the amount of inorganic phosphorus is not negligible. Yet the ley plants were able to take up only a very low quantity of phosphorus from these plots which indicates that the phosphorus is very strongly retained by the soil. The availability of phosphorus in the variously treated soils was studied in more detail with chemical methods and a plant experiment.
First a simple pot experiment was performed in which the phosphorus uptake from the soil samples by two successive crops of turnip rape seedlings was studied. The method was as follows: The results in Table 4 show that the amount of phosphorus taken up by the turnip rape seedlings is the higher the more intensive the treatment with superphosphate has been. The first crop was able to get more phosphorus even from the untreated sample than was contained in the seed. The second crop, however, was poorer than the seeds in phosphorus, which was also the case with the second crop in the treatments P and 2P. The dry matter yields of the second crop were only a little lower than those of the first crop, but the phosphorus yields were far lower.
The actual uptake of phosphorus from the soil samples may be calculated on the basis of the blank values or on the basis of the phosphorus in seeds. In the former case somewhat higher results are obtained, since the seedlings which grew in pure quartz sand were not able to take up all the seed phosphorus moved into the sand. In every case the amounts of phosphorus taken up from the untreated samples have been very low or even negative. The data for the samples from treatment P are not significantly higher than those from the untreated one, whereas the figures for the 3P-treatment represent another class in size. Similar results were obtained when the soil samples were extracted with 0.03 N ammonium fluoride at pH 3. These data are recorded in Table 5. The table also Both the intensity and the capacity factors are low for the samples from the 0-and P-treatments, and no significant differences exist between these samples in this respect. Somewhat higher values are found in the 2P-treatment, but only the 3P-treatment shows a fairly good phosphorus condition.
Discussion
On the basis of the dry matter yields harvested in 1957 and also in the previous years, it does not seem to be profitable to use in this peat soil an annual superphosphate dressing higher than 200 kg/ha. This result agrees with the data reported by Lundblad (5) from a 20-years field trial on fen soil carried out according to a plan which differs from the present one in that instead of 300 kg/ha of superphosphate 400 kg/ha is used. In the Swedish experiment an annual dressing with ammonium sulphate was also applied.
Probably owing to a lower acidity and a higher calcium content in the Swedish peat soil its phosphorus seems to be better available to the plants than that in the Leteensuo soil. The yield of the untreated plot in the Swedish trial remains at least fairly satisfactory, whereas in the Finnish trial it dropped as early as in the eleventh year to about ten per cent of the yield produced by 200 kg/ha of superphosphate.
The fact that the untreated plot in the present trial has during the 34 experimental years been depleted of available phosphorus is also revealed by the biological and chemical soil tests. These showed, however, that the phosphorus condition in the plot annually treated with 100 kg/ha of superphosphate is also very poor, and often not distinctly better than that in the untreated soil. The annual application of 200 kg/ha of superphosphate has been able to maintain a more satisfactory rate of available phosphorus in the soil, but only the treatment with 300 kg/ha has resulted in markedly higher test values than those for the lower treatments.
Since, despite the fact that the amounts of available nitrogen (4) and phosphorus are significantly higher in the 3P-plots than in the 2P-plots, the yields from these treatments are equal, it seems possible that there are some factors which prevent the full utilization of these sources of nutrients in the 3P-plots. The extremely low potassium content of the hay from these plots suggests that one of the reasons may be an insufficient supply of potassium. The soil tests also showed a low content of easily extractable potassium in the soil of this treatment.
The problem is, however, not all that simple. The dry matter yields in the treatments 2P and 3P have been almost equal during the experimental period. There are no analytical results available which would indicate that the potassium content of the crop had been higher in the 3P-treatment than in the 2P-treatment, or that more washing out of potassium would have occurred from the 3P-plot. Thus, it can not be claimed that the crops in the 3P-plots had depleted the potassium sources during the experimental period and were not able to satisfy their need of potassium from the annual dressing as well as the crops in the 2P-plots. It is quite possible that the very low potassium content in the 3P-hay is only accidental, since in the data reported by Lundblad (5) the potassium content of hay varied markedly even in the same treatment from year to year. The fact that the yields in both the treatments were fairly high, particularly for a nine year old lejq indicates that there was no fatal lack of potassium. Probably the climatic factors and also the botanical composition of the ley prevent the better utilization of the available phosphorus and nitrogen in the 3P-plots. It may, however, be profitable to apply a somewhat higher potassium dressing to all the treatments, since the test values for the soils in the P-, 2P-, and 3P-plots were not high.
Summary
The effect on a fen soil of superphosphate applied for 34 years at the annual rates of 0, 100, 200, and 300 kg/ha was studied. The material consisted of samples from a field trial at the Leteensuo Experiment Station. The soil samples from the ploughing layer were collected in autumn 1956, and the hay samples from the crop harvested in 1957.
The hay yields from the treatments with 200 or 300 kg/ha of superphosphate were about 7400 kg/ha, and the phosphorus content of the hay 1.69 and 1.85 per cent, respectively. The treatment with 100 kg/ha of superphosphate yielded only about 5100 kg/ha of hay dry matter with a very low phosphorus content, 0.96 per cent. The yield frorn the untreated plots was almost negligible.
Also the biological and chemical soil tests showed that the untreated soil was almost depleted of available phosphorus. The phosphorus conditions in the soil annually treated with 100 kg/ha of superphosphate were not significantly better than in the untreated soil. An annual anplication of 200 kg/ha of superphosphate was able to maintain a more satisfactory rate of available phosphorus in the soil, but only the treatment with 300 kg/ha of superphosphate resulted in markedly higher test values than those for the lower treatments.
The total phosphorus content of the soil was the higher the larger the amount of superphosphate applied. About 40 to 50 per cent of the differences between the total phosphorus content of the treated and untreated samples was due to organic phosphorus.
The potassium content of the hay was the lower the higher the superphosphate treatment. The hay from the treatment with 300 kg/ha of superphosphate contained only 1.25 per cent potassium. The possibility that potassium was a minimumfactor in this treatment was discussed.
